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This study was aimed to determine the synergistic effects of early age heat conditioning and ammonium 
chloride supplementation on performance and physiological response of Japanese quail under summer 
season. A total of 450 one day old quail chicks were used and divided into three groups 150 each, the 
first group (control): birds produced from hatching eggs at recommended temperature during the 
hatching period, the second group (HCE): birds produced from hatching eggs exposed to early heat 
conditioning (40±1oC) for 2 h at the 13 th   day of incubation and the third group (HCC): birds produced 
from hatching eggs hatched at the recommended temperature and exposed to early heat condition (40± 
1oC) for 24  h at the 5 th day of age. Each group were divided into two subgroups 75 chicks each, the 
first subgroup served as control group, the second was fed basal diet supplemented with 0.5% 
ammonium chloride (NH4Cl). Data revealed a significant improvement in body weight and body weight 
gain in groups exposed to heat conditioning pre and post-hatching and coupled with NH4Cl 
supplementation. Heat conditioning without or with NH4Cl addition significantly improved feed 
conversion ratio. For the physiological parameters, blood pH has decreased significantly in groups 
supplemented with NH4Cl followed by HCE and HCC groups without NH4Cl. Moreover, H/L ratio showed 
significant lower values in HCE and HCC groups supplemented with NH4Cl, indicating a reduction in the 
negative effect of heat stress. Triiodothyronine concentration increased significantly in HCE and HCC 
groups supplemented with NH4Cl. The levels of antioxidant enzymes significantly increased with an 
increase in total antioxidant activity in HCE and HCC groups with NH4Cl. The results of this experiment 
showed that either heat conditioning or adding NH4Cl significantly improved quail performance to 
tolerate heat stress and magnify the benefits. 
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INTRODUCTION 

High environmental temperature incurs a 
great economic loss in poultry industries along 
with the global temperature rise. Increasing 
ambient temperature causes deleterious effect on 
physiology and immunology causing abnormalities 
and reduce productivity of birds (Alagawany et al., 
2017). Breeding of quails as a source of meat has 
rapidly increased in last years. The major limiting 

factor for birds reared under hot climate is the 
lower tolerance of the birds to heat stress. Birds 
increase the respiratory rate in heat stress to 
allow them to reestablish heat balance with the 
surroundings and this lead to decrease the levels 
of blood carbon dioxide which results in 
respiratory alkalosis (Suganya et al., 2015). 
Adding sodium bicarbonate, potassium chloride 
and/or ammonium chloride have improved 
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performance of birds suffering from alkalosis 
during heat stress (Ahmad et al., 2008). Adding 
electrolyte salts to diets of broiler has been 
recommended to minimize the deleterious effect 
of heat stress. The ions of sodium, potassium and 
chloride have the greatest influence on acid-base 
balance of blood and tissues. However, it is useful 
to have the proper dietary ratios and ranges of 
these minerals without toxicity or deficiency, to 
meet poultry nutritional demands and improve the 
productive performance (Borges, 1997).  

Another part from management consideration 
to limit heat stress is early heat conditioning and 
strategies for early acclimation to high ambient 
temperature; the physiological basis of this 
technique is that the neuroendocrine response to 
heat can be modified during the period when the 
thyroid and adrenal axes are set up (Piestun et 
al., 2009). Early heat conditioning (HC) seems to 
be one of the most effective methods in 
enhancing the heat resistance of broilers (Lin et 
al., 2006). One promising example is a strategy 
named heat conditioning during embryogenesis 
that consists in cyclic increases in bird egg 
incubation temperature. Notably, HC was shown 
to promote chicken acclimation to heat by 
improving thermal tolerance in later life without 
impairing growth. The mechanisms associated 
with the induction of thermo tolerance by early 
age temperature conditioning involve: 1) 
modulation of heat production through reducing in 
plasma triiodothyronine (T3) concentration; 2) 
hemodynamic changes (decrease in heart weight 
and hematocrit); 3) increase in sensible heat loss; 
and 4) pronounced ability to control the body 
water during thermal challenge (Khalil et al., 
2012). There are few literature reports on the 
combination of early heat conditioning and adding 
the electrolytes to quails diet. So this study was 
conducted to evaluate the addition of ammonium 
chloride (NH4Cl) with early heat conditioning and 
the synergy effect of the two methods on 
performance and some important blood 
parameters of heat stressed quails. 
 
MATERIALS AND METHODS 

Experimental design and management:  
An experiment was conducted to study the 

effect of two types of heat conditioning (before 
and after hatch) and dietary supplementation with 
ammonium chloride (NH4Cl) to adjust the blood 
acidity for the birds. A total of 450 one day old 
quail chicks with average body weight (10.5±0.3 
g) were used and divided in to three groups 150 

chicks each, the first group (control group): birds 
produced from hatching eggs at recommended 
temperature during the hatching period, the 
second group (HCE): birds produced from 
hatching eggs exposed to early heat conditioning 
(40±1oC) for 2 h at the 13 th day of incubation and 
the third group (HCC): birds produced from 
hatching eggs hatched at the recommended 
temperature and exposed to early heat condition 
(40± 1oC) for 24 h at the 5 th day of age. Each 
group were divided into two subgroups 75 quail 
chicks each (15 birds X 5 replicates), the first 
subgroup served as a control group, the second 
was fed the basal diet supplemented with 0.5% 
NH4Cl. Feed and water were offered add libitum 
and artificial light were provided (23 h/ day) 
through the experimental period. Feed 
composition of the basal diet is shown in Table 1.  

 
Table 1; Composition of the basal diet 

Ingredients % 

Corn 56 

Soybean meal 40 

Vegetable oil 1 

Limestone 1.3 

Dicalcium phosphate 1 

Salt 0.35 

Vitamin and mineral premix* 0.35 

Total 100 

Calculated nutrient 
composition** 

 

Crude protein% 23.96 

Metabolizable energy, kcal/kg 2940 

Calcium  % 0.84 

Available phosphorus % 0.32 

Lysine % 1.32 

Methionine +cyctine % 0.76 

* Vitamin and mineral premix: each kilogram of diet 
contains: Vit. A, 12000 I.U., Vit.D3, 2500 I.U., Vit. E, 10 
mg, Vit.B1, 2 mg, Vit.B2, 5 mg, Vit.B6, 4 mg, Vit. B12, 
10 µg, Niacin, 25 mg, Pantothenic acid, 10 mg, Biotin, 
50 µg, Folic acid, 1000 µg., Vit.K, 2.0 mg and Choline 
chloride, 255 mg, Selenium, 300 µg, Copper, 10 mg, 
Iodine, 1.0 mg, Iron, 33 mg, Manganese, 60 mg and 60 
mg. Zinc. 
** According to National Research Council (NRC, 
1994). 

The basal diet based on corn and soybean 
meal and formulated to meet the requirement of 
quail chicks. Quail chicks were kept under same 
hygienic and environmental conditions. The 
average rearing temperatures were ranged 
between 26 oC to 36 oC. 

At the beginning of the experiment initial body 
weight (IBW) were recorded, Body weight (BW) 
and feed intake (FI) were recorded at 14 days and 
at the end period of the experiment (35 days). 
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Body weight gain (BWG) and feed conversion 
ratio (FCR) were calculated. 

At the end of the experiment (35 days) blood 
samples were collected from ten birds for each 
subgroup in heparinized tubes. The blood 
samples were centrifuged at 3000 rpm for 15 min. 
and plasma obtained was stored at -20 oC in 
eppendorf tubes until analysis. Few drops of fresh 
blood samples were taken to determine blood pH 
by electronic pH meter and blood haemoglobin 
(Hb) by the colorimetric method using commercial 
kits. Blood smears were also done, stained with 
Wright’s stain procedure and used to calculate the 
number of lymphocytes (L) and heterophils (H) in 
100 white blood cells then the H/L ratio was 
calculated. Enzyme activity of aspartate 
aminotransferase (AST) and alanine 
aminotransferase (ALT) was determined by the 
method of Reitman and Frankel (1957). A plasma 
total protein was determined according to the 
method described by Henry (1974). Albumin was 
determined according to Doumas et al., (1971). 
Globulin was calculated by subtraction of plasma 
albumin from plasma total protein. Plasma 
triiodothyronine (T3) and thyroxin (T4) were 
determined according to Akiba et al., (1982). Total 
antioxidant capacity (TAC) level was determined 
according to Koracevic et al., (2001). Catalase 
(CAT) level was determined according to Aebi 
(1984), superoxide dismutase (SOD) level in 
plasma were determined according to Nishikimi et 
al., (1972).  

Statistical analysis:  
Data were subjected to the analysis of 

variance by using the General Linear Models 
Procedure (GLM) of the Statistical Analysis 
System (SAS, 2009), according to the following 
model: Yijk = M + Hi + Fj + HFij + £ijk 
Where: 
Yijk     = an observation.  M    = an effect of overall 
mean. 
Hi      = a fixed effect of heat treatment.        Fj  = a 
fixed effect of Dietary treatment. 
HFij   = the interaction of H and F. £ijk = 
experimental error.    

Differences among treatment means were 
detected by using Ducan’s multiple range test 
(Duncan, 1955). 
 
RESULTS AND DISCUSSION 

Effects of experimental treatments on growth 
performance of quail during first period (1-14 days 
of age) are presented in Table 2. The data of body 
weight (BW) and body weight gain (BWG) showed 

that there is no significant effect of early heat 
conditioning or adding NH4Cl on BWG during this 
period. The data of feed intake (FI) showed that 
heat conditioning treatments significantly 
decreased FI while adding NH4Cl increased FI. 
Heat conditioning on chicks (HCC) significantly 
improved FCR and the best FCR was recorded 
with chicks expose to heat conditioning and fed 
diet supplemented with NH4Cl (HCC + NH4Cl). 
During the period from 15-35 days of age, the 
data showed that HCC or adding NH4Cl groups 
significantly increased BWG compared with 
control, the higher BWG was obtained with 
HCC+NH4Cl. Feed conversion ratio significantly 
improved with heat conditioning (pre and post 
hatch) and with adding NH4Cl. The better FCR 
was obtained in group subjected to HCC+NH4Cl 
with no significant differences with group 
subjected to HCE+ NH4Cl.  

Effects of dietary treatments on growth 
performance of quail during the entire period (1-35 
days of age) are presented in Table 3. The data of 
BWG showed that early heat conditioning or 
adding NH4Cl significantly increased BWG and 
data revealed a more significant improvement in 
quail BWG in groups exposed to heat conditioning 
pre (HCE) and post-hatching (HCC) and coupled 
with NH4Cl diet supplementation. Heat 
conditioning pre and post-hatching without or with 
NH4Cl supplementation significantly improved 
FCR. High environmental temperature induces a 
depression on feed consumption and weight gain. 
Birds decrease their feed consumption as attempt 
to reduce heat increment produced by digestion 
and metabolism (Lesson and summers, 2001). 
This has enhanced the interest on thermal 
manipulations during broiler embryogenesis and 
the post-hatch period to improve thermo tolerance 
acquisition (Yahav et al., 2004). During early-age 
of chicks the body temperature regulation and 
feedback mechanisms are immature, 
manipulation at this period cause changes in the 
thermoregulatory threshold response it has 
documented that exposing embryos to low or high 
temperatures during incubation period improve 
their ability to adapt to cold or hot environments in 
the growing phase (Janke et al., 2002). On the 
other hand the results of respiratory alkalosis, 
which reduce the growth of broiler chicken, can be 
alleviated by supplementation of NH4Cl or 
NaHCO3 (Teeter et al., 1985). In the present 
experiment, quails exposed to heat conditioning 
treatments significantly consumed less feed than 
control group, while adding NH4Cl increased FI 
(p>0.05).  
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Table 2; Effect of dietary treatments on growth performance of quail chicks during starter and 
grower periods 

 

 
Item 

Initial 
BW 

Starter period (1-14 days) 
Grower period (15-35 

days) 

BW BWG FI FCR BWG FI FCR 

Heat conditioning (A)         

Control 10.5 77 67 171a 2.56a 136 b 929 a 6.99 a 

HCE 10.7 81 70 168b 2.39b 158 ab 843 b 5.39 b 

HCC 10.7 79 69 156c 2.27b 171a 849 b 4.99 b 

SEM± 0.08 1.60 1.56 1.83 0.05 9.35 26.31 0.28 

Dietary supplementation (B)         

Control 10.6 78 67 162 2.42 137 b 844 6.33 a 

NH4Cl 10.6 81 70 167 2.40 173 a 904 5.25 b 

SEM± 0.07 1.28 1.23 2.64 0.06 6.26 22.71 0.33 

AXB         

Control 10.3 74 64 165c 2.57 a 110 d 857 b 7.82a 

NH4Cl 10.6 80 70 178a 2.55ab 163 b 1002a 6.17b 

HCE 10.8 81 70 165c 2.35bc 139 c 819 b 5.89b 

HCE+NH4Cl 10.5 81 70 170b 2.42abc 177 ab 867 b 4.89cd 

HCC 10.6 78 68 157d 2.32c 162 b 855 b 5.29c 

HCC+NH4Cl 10.8 81 70 154d 2.22c 180 a 842 b 4.68d 

SEM± 0.08 2.17 2.12 0.58 0.07 5.29 27.43 0.16 
a, b , c Means within a row  with different superscripts are significantly different (P≤0.05 

HCE: heat conditioning on eggs 
HCC: heat conditioning on chicks 

 
Table 3; Effect of dietary treatments on growth performance of quail chicks during entire period 

(1-35 days of age) 
 

Item Initial BW BW BWG FI FCR 

Heat conditioning (A)      

Control 10.5 213.6c 203c 1101a 5.48a 

HCE 10.7 239b 228b 1010b 4.44b 

HCC 10.7 250.4a 240a 1004b 4.20b 

SEM± 0.08 9.82 9.81 27.67 0.15 

Dietary supplementation (B)      

Control 10.6 215b 204b 1006 4.50 

NH4Cl 10.6 254a 243a 1071 4.42 

SEM± 0.07 6.49 6.46 24.29 0.20 

AXB      

Control 10.3 184d 174d 1022b 5.88a 

NH4Cl 10.6 243b 232b 1179a 5.08 b 

HCE 10.8 220c 209c 984b 4.71c 

HCE+NH4Cl 10.5 258a 247a 1036b 4.19de 

HCC 10.6 240b 230b 1012b 4.41cd 

HCC+NH4Cl 10.8 261a 250a 996b 3.99e 

SEM± 0.08 4.36 4.41 27.43 0.11 
a, b , c Means within a row  with different superscripts are significantly different (P≤0.05 

HCE: heat conditioning on eggs 
HCC: heat conditioning on chicks 
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Table 4; Effect of dietary treatments on blood parameters of quail chicks at 35 days of age 
 

Item pH H/L Hb T3 T4 

Heat conditioning (A)      

Control 7.43a 0.60a 8.66b 4.10b 22.32b 

HCE 7.32b 0.55b 9.45a 4.48a 23.81a 

HCC 7.33b 0.56b 9.47a 4.49a 23.83a 

SEM± 0.023 0.011 0.231 0.109 0.434 

Dietary supplementation (B)      

Control 7.41a 0.60a 8.76b 4.09b 22.64b 

NH4Cl 7.31b 0.55b 9.63a 4.62a 23.99a 

SEM± 0.018 0.009 0.179 0.075 0.352 

AXB      

Control  7.55a 0.65a 8.19b 3.88c 20.90b 

NH4Cl 7.31c 0.56bc 9.13a 4.32b 23.74a 

HCE 7.34b 0.57b 9.01a 4.15bc 23.44a 

HCE+NH4Cl 7.30c 0.53c 9.90a 4.80a 24.18a 

HCC 7.35b 0.58b 9.09a 4.25b 23.88a 

HCC+NH4Cl 7.30c 0.54bc 9.86a 4.73a 24.07a 

SEM± 0.011 0.010 0.282 0.110 0.516 
a, b , c Means within a row  with different superscripts are significantly different (P≤0.05 

HCE: heat conditioning on eggs 
HCC: heat conditioning on chicks 

Table 5; Effect of treatments on plasma protein fractions and plasma aminotransferases of quail 
chicks at 35 days of age 

 

Item TP ALB GLU ALT AST 

Heat conditioning (A)      

Control 3.94b 1.38b 2.56b 7.50 48.67 

HCE 4.52a 1.51b 2.99a 7.83 51.50 

HCC 4.64a 1.87a 2.77ab 7.58 51.58 

SEM± 0.109 0.081 0.140 0.568 2.112 

Dietary supplementation (B)      

Control 4.15b 1.72a 2.43b 7.44 49.50 

NH4Cl 4.59a 1.46b 3.13a 7.83 51.67 

SEM± 0.102 0.076 0.085 0.455 1.710 

AXB      

Control 3.81c 1.58bc 2.23c 7.33 51.83 

NH4Cl 4.07cb 1.17d 2.90ab 7.67 51.67 

HCE 4.33b 1.63bc 2.70bc 7.83 51.50 

HCE+NH4Cl 4.71a 1.41cd 3.30a 7.83 51.50 

HCC 4.30b 1.95a 2.35cd 7.17 51.33 

HCC+NH4Cl 4.99a 1.79ab 3.19a 8.00 51.83 

SEM± 0.122 0.103 0.134 0.834 3.035 
a, b , c Means within a row  with different superscripts are significantly different (P≤0.05 

HCE: heat conditioning on eggs 
HCC: heat conditioning on chicks 
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Table 6; Effect of treatments on antioxidant status of quail chicks at 35 days of age 

Item TAC CAT SOD 

Heat conditioning (A)    

Control 11.79b 5.14b 150.94b 

HCE 13.09a 6.54a 161.30a 

HCC 13.22a 6.60a 161.15a 

SEM± 0.277 0.292 1.496 

Dietary supplementation (B)    

Control 11.93b 5.40b 153.43b 

NH4Cl 13.47a 6.76a 162.16a 

SEM± 0.198 0.232 1.309 

AXB    

Control 10.63c 4.20c 143.37c 

NH4Cl 12.94b 6.09b 158.51b 

HCE 12.51b 6.01b 158.66b 

HCE+NH4Cl 13.67a 7.07a 163.94a 

HCC 12.65b 5.99b 158.27b 

HCC+NH4Cl 13.80a 7.13a 164.04a 

SEM± 0.189 0.297 0.293 
a, b , c Means within a row  with different superscripts are significantly different (P≤0.05 

HCE: heat conditioning on eggs 
HCC: heat conditioning on chicks 

 
These results were in agreement with Borges 

et al., (2003) who studied the effects of dietary 
electrolyte balance and adding one or more 
electrolyte including ammonium chloride, and 
found that treatment gave significantly higher FI 
than control group under moderately high ambient 
temperatures. Feed conversion ratio was 
improved by treatments, and the best values were 
obtained in post hatching heat conditioning quails 
coupled with adding NH4Cl. 

Table 4. showed that the early heat 
conditioning programs was significantly improved 
some blood parameters, either decreasing (pH 
and H/L) or increasing (Hb, T3 and T4) as 
compared with control, in the same regard 
addition of NH4Cl to the dietary also resulted in 
significant improvement in these measurements, 
by decreasing in (pH and H/L) or increasing (Hb, 
T3 and T4) as compared with control. This is 
reflected in the effect of the interaction between 
early heat conditioning programs and NH4Cl 
supplementation, where interaction between the 
two studied subjects resulted in significantly 
improvement in blood measurements compared to 
control ,A good interaction recorded from 
HCE+NH4Cl and HCC+NH4Cl followed by the 
remaining interaction compared to the control 
group (Borges et al., 2003). In control group, there 
was a significant increase in blood pH, caused by 
increase panting which decrease the blood Co2 
level, which agreed with finding of Borges et al., 
(2004). It is clear from the present results that 

early age heat conditioning treatments improved 
the hematological parameters; this technique was 
approved as a sensitive process to induce thermo 
tolerance at an early age of birds, in this respect 
many researches proposed the management 
technique of early heat conditioning to enhance 
the resistance of chicks to acute heat stress or 
sudden heat spells during growing period (El-
Wardany et al., 2012 and Hemid et al., 2013). 
These results are in agreement with those El-
Moniary et al., (2010); Hemid et al., (2013) and 
Gouda et al., (2017) who found that the 
hematological responses to acute or chronic heat 
stress include changes in Hb concentration 
affected by  hot climate, this may be due to the 
impact of chronic heat stress on iron in broilers 
and the hematopoietic process which decreased 
Hb concentration in control group but the 
increased on the other groups were treated with 
early age heat conditioning techniques due to 
reinforce resistance of quails chicks to heat stress 
during the growing phase. 

 These results indicated that the heat stress 
was significantly increased the ratio of H/L in 
control birds, lowest in early age of heat 
conditioning chicks. Also data on H/ L ratio 
observed that using early age heat conditioning 
technique was help the birds tolerate the bad 
effects of heat stress at marketing age, this data 
were findings in accordance with (Hemid et al., 
2013 and Gouda et al., 2017). Thyroid hormones 
play a beneficial role in thermoregulation in avian 
species, and plasma T3 and T4 levels correlated 
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positively with heat production (Lin et al., 2006). 
The significantly decreased plasma 
concentrations of T3 and T4 in control group due to 
increasing temperature are in agreement with the 
finding of (Hemid et al., 2013). The decreased 
plasma T3 and T4 in control quails might be due to 
the effect of reduction in feed intake (Buyse et al., 
2002). Borges et al. (2003) reported that 
hyperthermia induced hyperventilation and 
associated with respiratory alkalosis, which led to 
decrease bicarbonate concentration and partial 
pressure of CO2 which cause increase in blood pH 
(Borges et al., 2003). One possible reason for low 
pH with NH4Cl in the present study might be the 
acidogenic effect of Cl− and maintenance of blood 
electrolyte balance, more Cl is needed in body 
fluids to exert an acidic action to normalize blood 
pH (Ahmad et al., 2005). Heat stress increased 
the proportion of heterophils and decreased 
lymphocytes in blood which significantly increase 
the H/L ratio in the treated birds after heat stress 
compared to the control. This corroborated the 
findings of Borges (1997) and Borges et al., 
(2004) and reinforced the hypothesis that this ratio 
could be used as an indicator or index of stress. 
Thyroid hormones regulate thermogenesis and 
metabolic functions in chicks. The level of T3 and 
T4 in blood plasma was reduced in control group 
compared with NH4Cl supplemented groups. 
Similar results have been observed in layers hens 
(Melesse et al., 2011). Thyroid hormones T3 and 
T4 play an important role of acclimatization. The 
mechanism of thyroid hormone in heat stress is 
related to the role of hormones in regulation of 
metabolic rate of birds. Corticotrophin releasing 
hormone from the hypothalamus influences the 
decreased production of T3 and T4 and it has been 
used as an indicator of stress in birds (Melesse et 
al., 2011). Addition of ammonium chloride has 
helped improve blood chemistry as a blood pH 
determinant; this helps some glands to increase 
activity and adaptation under heat stress (Owen et 
al., 1994) 

Table 5. showed plasma protein fractions and 
plasma aminotransferases where early heat 
conditioning programs in this study resulted in 
significant improvement on plasma protein 
fractions compared with the control group; in 
contrast the improvement on plasma 
aminotransferases was no significant. As for the 
addition of NH4Cl to the diet and its effect on 
these measurements, we found that it has a 
significant effect on the improvement of the level 
of total protein and globulin as an immunometric 
measure, the improvement in globulin level was at 

the expense of albumin level compared to the 
control. This is reflected in the effect on the 
interaction between early heat conditioning 
programs and NH4Cl supplementation, where 
interaction between the two study subjects 
resulted in significantly improved plasma protein 
fractions compared to control which a good 
interaction recorded from HCE+NH4Cl and 
HCC+NH4Cl followed by the remaining interaction 
except the control group. Data showed that early 
age heat conditioning programs had significant 
effects on plasma protein fractions, these results 
are in agreement with the findings of El-Wardany 
et al., (2012) who reported that the positive impact 
of early age heat conditioning  in enhancing 
nutrients utilization and heat tolerance of chicks. 
They found that plasma protein profile of a given 
bird reflected of the metabolic activities related to 
protein synthesis and/or degradation. Since, it is 
well known that heat stress conditions could 
stimulate the adrenal gland cortex for 
corticosterone secretion, which caused a 
considerable increase in protein catabolism due to 
its gluconeogenesis activity, which in close 
agreement with the studies of Sahin et al., (2002). 
In the same context, NH4Cl addition helped to 
improve the blood parameters and feed FI, which 
led to an improvement in the plasma protein 
fractions and plasma aminotransferases (Bubikat 
et al., 2005 and Ahmad et al., 2008). 

Table 6. shows the antioxidant status and its 
effect by the study factors, where early heat 
conditioning programs or adding NH4Cl to the diet 
resulted in significant improvement in antioxidant 
status were studied (TAC, CAT and SOD) 
compared with the control group. This reflected on 
the effect of the interaction between the two study 
subjects, resulted in significantly improved in 
antioxidant status were studied compared to the 
control group, which a good interaction recorded 
from HCE+NH4Cl and HCC+NH4Cl followed by 
the remaining interaction except the control group. 
Mujahid et al., (2006) reported that acute heat 
stress resulted in increased levels of reactive 
oxygen species in mitochondria. Excessive levels 
of reactive oxygen species result in the 
disturbance of balance between the oxidation and 
antioxidant defense systems, causing lipid 
peroxidation, oxidative damages to proteins, DNA 
and biological molecules (Lin et al., 2006).The 
important line of defense against reactive oxygen 
species is a system of antioxidant enzymes 
including total antioxidant capacity such as 
(glutathione peroxidase, superoxide dismutase, 
Catalase and ….. etc) (Milinkovic-Tur et al., 2007). 
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Antioxidant status activities of the quails 
maintained in a treated groups with early age of 
heat conditioning (before or post hatch) increased 
higher than the control group, this data were 
findings in accordance with (Mahmoud and 
Edens, 2003) they found that when broilers were 
exposed to early age of heat conditioning, their 
antioxidant status activities increased when birds 
exposed to high environmental temperature. The 
increase in the antioxidant status of broiler chicks 
due to dietary supplementation with NH4Cl was 
observed in the present study gave better results 
in this respect. It is clearly detected that NH4Cl 
enhanced total antioxidant capacity such as 
(glutathione peroxidase, superoxide dismutase, 
catalase and ….. etc), NH4Cl is an acidifier, and 
its chronic ingestion may have caused metabolic 
changes, which may have been also indirectly 
affected by changes in circulating calcium levels 
and efficiently overcomes heat stress effects 
because ammonium ion, and its oxidized form 
(ammonia) are involved in the acid-base balance 
(Verlander, 2004). 

Finally the results of this study improved the 
productive performance, blood measurements, 
plasma and antioxidant status as a resulting of 
using the studied treatments individually or 
together. The results suggested also that the 
synergistic effect of heat conditioning pre- or post-
hatching when coupled with NH4Cl diet 
supplementation to Japanese quail have the 
potential to alleviate the negative effect of heat 
stress and improve both the productive and 
physiological performances. 

CONCLUSION 
The results suggested that the synergistic effect of 
heat conditioning pre- or post-hatching when 
coupled with NH4Cl diet supplementation to 
Japanese quail have the potential to alleviate the 
negative effect of heat stress and improve both 
the productive and physiological performances. 
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